Mutations were introduced into plasmid pMM984, a full-length infectious clone of the fibrotropic strain of minute virus of mice, to identify cis-acting genetic elements required for the excision and replication of the viral genome. The replicative capacity of these mutants was measured directly, using an in vivo transient DNA replication assay following transfection of plasmids into murine A9 cells and primate COS-7 cells. Experiments with subgenomic constructs indicated that both viral termini must be present on the same DNA molecule for replication to occur and that the viral nonstructural protein NS-1 must be provided in trans. The necessary sequences were located within 1,084 and 807 nucleotides of the 3' and 5' ends of the minute virus of mice genome, respectively. The inhibitory effect of deletions within the 206-bp 5'-terminal palindrome demonstrated that these sequences comprise a cis-acting genetic element that is absolutely essential for the excision and replication of viral DNA. The results further indicated a requirement for a stem-plus-arms T structure as well as for the formation of a simple hairpin. In addition, the removal of one copy of a tandemly arranged 65-bp repeat found 94 nucleotides inboard of the 5'-terminal palindrome inhibited viral DNA replication in cis by 10-and just greater than 100-fold in A9 and COS-7 cells, respectively. The latter results define a novel genetic element within the 65-bp repeated sequence, distinct from the terminal palindrome, that is capable of regulating minute virus of mice DNA replication in a species-specific manner.
Minute virus of mice (MVM) belongs to the family Parvoviridae whose members infect many animal species, including humans (10, 66, 70) . Infectious virions contain linear single-stranded DNA genomes of about 5 kb with selfcomplementary sequences at their termini that fold into stable base-paired hairpins (4, 11, 17, 25, 27, 55, 56, 75) . Most models of parvovirus DNA replication postulate that terminal palindromes constitute the viral DNA replication origin and that initiation of viral DNA synthesis is accomplished by site-specific nicking to generate DNA primers (4, 5, 17, 18, 70) . In support of this model, the palindromic termini in replicative intermediates exist in covalently closed as well as extended configurations (21, 22) and two nucleotide sequence orientations have been demonstrated within the terminal inverted repeats of several parvovirus genomes (4, 8, 11, 17, 25) . Consistent with these observations, hairpin termini of the type I defective interfering particles of MVM, H-1, and adeno-associated virus (AAV) are selectively retained upon serial undiluted passage (29) and mutations within the terminal palindromes of MVM (50) , AAV (61, 64) , LullI (57) , and bovine parvovirus (65) act in cis to inhibit viral DNA replication and viability. The effects of deletions and substitutions within a stem-plus-arms T structure in the AAV termini on viral DNA replication further indicate that secondary structure, as well as DNA sequence, is critical for maintaining the functional integrity of the genomic termini (12, 43) .
All parvoviruses encode an analogous set of proteins known either as NS-1 or Rep that play a critical role in viral replicative-form (RF) DNA replication (36, 50, 57, 71, 72) and in the positive and negative regulation of viral gene * Corresponding author. expression (10) . Infectious plasmid clones developed for several parvoviruses have been used to demonstrate that DNA replication defects caused by mutations in the NS-1 or Rep genes can be corrected by providing the wild-type NS-1 or Rep proteins in trans (36, 50, 57, 71) and that temperaturesensitive mutations in the NS-1 gene confer a temperaturesensitive phenotype for viral DNA replication (72) . Apparently as a reflection of a direct role played by the Rep proteins in parvovirus DNA replication, the AAV Rep78 and -68 proteins bind specifically to the hairpin configuration of the AAV genomic termini (3, 40) . The Rep68 protein also displays ATP-dependent site-specific endonuclease and DNA helicase activities (41, 67) that are required for hairpin resolution as predicted in parvovirus DNA replication models. Consistent with these enzymatic properties, the parvovirus NS-1 and Rep proteins have been shown to contain a highly conserved domain that displays homology to purine nucleotide binding proteins (1, 7, 15) . NS-1 is also known to be covalently bound to the 5' ends of single-stranded and duplex forms of viral DNA (22) , likely via a tyrosine residue (8, 19) , which provides further evidence that this viral protein is directly involved in the mechanism for resolving cross-linked hairpin termini and initiating viral DNA synthesis.
In this study, specific mutations were introduced into the 5' noncoding region of pMM984 (51) , the full-length infectious clone of MVM(p) , to define the cis-acting elements required for MVM DNA replication. The effect of these mutations was assessed in an in vivo transient DNA replication assay. The results allow us to define at least two spatially distinct cis-acting genetic elements at the 5' end of the MVM genome that are required for viral DNA replication. Contrary to what might have been expected based on previous studies, we find that one of these DNA replication elements maps to a 65-bp repeat that lies inboard of the 5'-terminal palindrome. The 65-bp repeat element displays a remarkable ability to modulate the efficiency of viral DNA replication in a species-specific manner. The possible significance of this previously undefined DNA replication element for the parvovirus DNA replication mechanism is discussed.
MATERIALS AND METHODS Materials. Restriction endonucleases and DNA-modifying enzymes were purchased from Bethesda Research Laboratories, Boehringer Mannheim, New England BioLabs, Promega Biotec, Pharmacia, and Worthington and used according to the manufacturer's instructions. Radioactive nucleotides were from New England Nuclear or ICN. The Geneclean Kit used for purifying DNA fragments was purchased from BIO 101 and used according to instructions.
The Dulbecco modified Eagle medium and fetal bovine serum were purchased from GIBCO. The pMM984 plasmid and the A9 ouabrll mouse L cells were a gift from P. Tattersall. The simian virus 40 (SV40)-transformed African green monkey kidney COS-7 cell line was purchased from the American Type Culture Collection.
Cells and strains. The A9 (45, 69) and COS-7 cells (32) were passaged by trypsinization and maintained in Dulbecco modified Eagle medium supplemented with 10% fetal bovine serum and 2.0 mM glutamine. The MVM recombinant plasmids were propagated in the recBC sbcB recF Escherichia coli JC8111 (13) except for pSVNS1-1, which was propagated in E. coli DH5a (34) . The JC8111 strain permits the deletion-resistant propagation of plasmid clones containing the 5'-terminal palindrome of MVM (13) . Plasmids propagated in JC8111 were grown in LB (48) containing 50 jig of ampicillin per ml and 20 mM MgCl2. Frozen competent JC8111 cells were prepared and used in transformations as described by Hanahan (34) once cells reached an optical density at 550 nm of 0.6 to 0.7. The cells were made competent with freezing storage buffer (10 mM potassium acetate, 100 mM KCl, 45 mM MnCl2, 10 mM CaCl2, 3 mM HaCoCl3, 10% glycerol, adjusted to pH 6.3 with 0.1 M HCl and filter sterilized). To transform the competent cells, DNA was added, the mixture was heat pulsed for 90 s at 42°C and then put on ice for 1 to 2 min. An aliquot of SOC (48) medium was added, and the cells were incubated at 37°C for 1 h in a bacterial shaker (225 rpm). Transformed cells were plated on LB plates containing 100 ,ug of carbenicillin per ml and 20 mM MgC12-Construction of pMM984 mutants. Plasmids were constructed by using standard methods (48) . To construct plasmid pRS5, pMM984 DNA was cleaved with AccI and the ends were filled in by using the Klenow fragment of E. coli DNA polymerase I. Reaction mixtures contained 6.0 mM Tris HCl (pH 7.5), 6.0 mM MgCl2, 1.0 mM dithiothreitol, 50 mM NaCl, and a 1.0 mM concentration of each deoxynucleoside triphosphate per microgram of DNA with 1.0 U of E.
coli DNA polymerase I Klenow fragment per ,g of DNA.
Incubation was for 15 min at 22°C. Following digestion with BamHI, the 972-bp, 5'-terminal AccI-blunted BamHI fragment was purified and ligated to the 2.4-kbp NruI-BamHI pML-2 vector fragment, using T4 DNA ligase. To construct pRS3, the 3'-terminal, 1.1-kbp EcoRI-BamHI fragment from pMM984 was isolated and ligated to the 2.6-kbp EcoRIBamHI fragment of pML-2. The pRS53 construct was made by ligating the 972-bp, 5'-terminal fragment described above with the 3.1-kbp fragment of BamHI-NruI-digested pRS3.
Plasmid pMMdl2l-84 was constructed by self-ligating the ends of the 5.7-kbp XbaI-EcoRI fragment of pMM984 following the Klenow fill-in reaction described previously.
Construct pSVNS1-1 was made by adding BamHI linkers as described before (48) Sequencing of pMM984 mutants. The deletions in the AB and Bi forms of pMM984 and the AK construct were sequenced by a modified version (9) of the Maxam and Gilbert method (49) . As well, the 5' palindrome of pCA3.0d112 was sequenced by the chemical method and found to be intact. The DNA sequence of the 65-nt deletion mutation in pCA3.0dll2 was determined essentially by the Sanger dideoxy-chain termination procedure (62) with minor modifications following the subcloning of the blunt-ended pCA3.0dll2 Avall fragment (nt 4297 to 4872) into the MP13mpl8 SmaI site and generation of recombinant singlestranded DNA. The deletions in pTD2 and pTD3 were determined by using a modified double-stranded plasmid sequencing procedure derived from established protocols (16, 62) . In particular, a 10-,ul reaction containing 2 ,ug (0.34 pmol) of pTD2 or pTD3 DNA and 2 ,ul of a 2 M NaOH-2 mM EDTA solution was incubated at room temperature for 5 min to denature the DNA. Following neutralization with 3 ,ul of 3 M sodium acetate (pH 5.2) and ethanol precipitation, the alkali-denatured DNA was annealed to 60 ,ug ( (54) in which methylated plasmids were generated in E. coli and transfected into mouse A9 cells or COS-7 cells. The extent of viral DNA replication was determined by monitoring the production of DpnI-resistant viral DNA molecules in a Southern blot analysis, using MVM-specific hybridization probes. Unless indicated otherwise, the extent of viral DNA replication was such that a 100-fold dilution of the signal obtained for monomer replicative-form (mRF) DNA in the standard assay could be detected. This level of DNA replication, representing 1% of the pMM984 replication level, was thus established as the lower limit of detection for the assay system that was used in the experiments described below.
Requirement for terminal MVM sequences. Previous studies of naturally occurring deletion mutants of MVM indicated that the cis-acting elements required for viral DNA replication are located within approximately 200 nt of the genomic termini. The deletion mutants were defective for DNA replication but could be propagated if the wild-type NS-1 protein was provided in trans by coinfection with wild-type virus (29) . To study this directly, we constructed plasmids that contained DNA sequences from terminal regions of the MVM genome, but did not contain an intact NS-1 gene. The construction of these plasmids is depicted in Fig. 1 . While none of these plasmids replicated when transfected into A9 cells individually, as expected due to the absence of an intact NS-1 gene, pRS53 and pMMdl2l-84 did replicate in A9 cells when cotransfected with pMM984 ( Fig.  2A) . Replication of wild-type MVM DNA occurred normally, as judged by the appearance of relatively high levels of the 5.0-kbp monomer and 10.0-kbp dimer RF DNA species and lower amounts of an 8.0-kbp partially replicated dimer species and progeny single-stranded viral DNA. These forms of viral DNA are identical to those seen in extracts of A9 cells infected with MVM (28) . pRS53 replicated as a linear 4.1-kbp DNA species at 10% of wild-type levels ( Fig.  2A, lane 8) . This relatively low level of DNA replication is not due to an inherent limitation of the complementation assay since pMMdl2l-84 replicated at near wild-type levels under the same conditions ( Fig. 2A, lane 10) . The DpnIresistant, 1.9-kbp DNA species derived from pMMdl21-84 was resolved into two distinct DNA species (evident upon a lighter exposure of the autoradiogram) which can be attrib- (Fig. 2A, of pRS5 (3.5 kbp) was produced at a relatively low level (1%) compared with the wild-type MVM genome (Fig. 2A, lane  6) . However, additional analysis revealed that this DNA species is a DpnI digestion product of unreplicated viral DNA and is not due to the replication of pRS5 DNA (data not shown). Failure of pRS5 to replicate in the presence of pMM984 indicates that the 5'-terminal 972 bp of MVM DNA is not sufficient to support the accumulation of replicated viral DNA molecules, despite the presence of NS- 1. pRS3, which contains the 3'-terminal 1,084 nt of MVM DNA, also failed to replicate (<5% of pMM984) when transfected into murine A9 cells either by itself or together with pMM984 (Fig. 2B) . These results when taken together with the results of the experiments with pRS53 and pMMdl2l-84, demonstrate that the 3' and 5' termini of the MVM genome must be present on the same DNA molecule for the viral DNA to replicate in A9 cells.
Effect of mutations in the 5'-terminal palindrome. Several mutations were introduced at the 5' terminus of pMM984 either by in vitro manipulation or as the result of spontaneous deletions arising during propagation of pMM984 DNA in E. coli (13) . Deletion mutants were obtained that were missing 9 (AK), 41 (Figs. 4A and 5A) . A similar result was obtained with pTD2, a mutant that possessed a 5'-terminal deletion of 101 bp, and with pTD3, which contains a terminal deletion of 126 bp (Fig. 3A and 4B) . Replication of pCA3.01d119, which is missing 82 bp from the 5' end of the MVM genome, was detectable at a relatively low level (1% of pMM984) (Fig. 4A, lane 6) .
In vivo complementation. To characterize the phenotype of the terminal deletion mutants in more detail, cotransfection experiments were done to determine whether the terminal deletion mutations acted in cis. Wild-type NS-1 was provided in trans from plasmid pSVNS1-1 in which the MVM NS-1 gene is under the control. of the SV40 late promoter. The complementation assay using pSVNS1-1 is described in detail elsewhere (Skiadopoulos et al., unpublished data). When pSVNS1-1 was cotransfected into COS-7 cells with a replication-defective NS-1 frameshift mutant of pMM984 (ins2OB), the ins20B genome replicated as judged by the appearance of a 4.1-kbp MluI fragment that is specific for ins20B (Fig. 5B, lane 5) . However, pSVNS1-1 failed to promote the excision and replication of the pCA3.0dll9, AK, Bi, and AB deletion mutants in COS-7 cells, demonstrating directly that these deletion mutations in the 5'-terminal palindrome act in cis to block rescue and viral DNA replication (Fig. 5A, lanes 2, 4, 6, and 8) .
Similar results were obtained in A9 cells. The AK mutant was cotransfected with ins84A, a capsid mutant that replicates its duplex DNA at approximately 30% of wild-type levels but cannot accumulate single-stranded progeny DNA ( Fig. 6; unpublished data) . Replication of ins84A could be distinguished from that of the cotransfected AK mutant by cleavage at its unique KpnI site which produces characteristic 4.3-and 0.8-kbp fragments (Fig. 6, lane 2) Fig. 2 for abbreviations. one of the 65-bp repeats was deleted (Fig. 3B) . When pCA3.0dl12 was transfected into A9 cells, viral DNA was excised and replicated at approximately 10% of pMM984 levels, as judged by the appearance of a linear 5.0-kbp RF DNA species (Fig. 4A, lane 5) . Thus, the 65-nt deletion mutation has a moderate inhibitory effect on the ability of MVM DNA to replicate in A9 cells. A more dramatic effect of the 65-nt deletion mutation was observed in COS-7 cells in which the level of the 5.0-kbp mRF DNA species was reduced to <1% of that obtained with pMM984 (Fig. 7A) . In contrast, wild-type pMM984 replicated at comparable levels in A9 and COS-7 cells (Fig. 7B) .
To determine whether the 65-bp deletion mutation acted in trans, possibly by affecting the expression of NS-1 or NS-2, we attempted to complement the replication defect of pCA3.0dl12 in A9 cells with ins84A. We could not use pSVNS1-1 for this purpose since this plasmid does not complement the NS-1 frameshift mutant ins2OB in A9 cells (data not shown). The ins84A and pCA3.0d112 cotransfection experiments revealed that ins84A caused a twofold increase in the replication of pCA3.0dl12 to 20% of pMM984 in one experiment and had no effect on pCA3.0dl12 replication efficiency in a second experiment (data not shown). While this would seem to indicate that the defect in pCA3.0dl12 is cis acting in A9 cells, the interpretation of these results is complicated by the fact that ins84A replicates at approximately 30% of the level of pMM984 and could therefore be limited in its ability to complement the pCA3.0dl12 defect beyond this level. Experimental variation could also account for a twofold difference. To clarify this point, we performed a complementation analysis in COS-7 cells, in which the replication of pCA3.0dl12 was restricted to slightly <1% of pMM984 levels. We expected that this low background of replication in COS-7 cells relative to the 10% level seen in A9 cells would permit a more definitive interpretation to be placed on the degree to which comple- mentation occurs in COS-7 cells. pSVNS1-1 consistently failed to enhance replication of pCA3.0dl12 in COS-7 cells beyond a background level of just below 1% (Fig. 7A, lane  2) , although this plasmid reproducibly complemented the replication of the NS-1 frameshift mutant ins20B in trans to approximately 30% of pMM984 levels (Fig. 5B, lane 5) . Since pSVNS1-1 encodes a truncated from of NS-2, we repeated the complementation assay with a plasmid, pS-VNS1-2, that contains an intact NS-1/NS-2 gene. The results obtained with this plasmid were identical to those obtained with pSVNS1-1 (data not shown). Since the Rep-phenotype of pCA3.0dl12 could not be corrected by providing wild-type NS-1 or NS-2 in trans, the results indicate that the 65-nt deletion mutation in pCA3.0dl12 acts in cis to reduce the level of MVM DNA replication more than 100-fold in COS-7 cells and 10-fold in A9 cells.
DISCUSSION
We have used an in vivo transient DNA replication assay to identify genetic elements in the MVM genome that act in cis to promote viral DNA replication. The ability of the wild-type NS-1 protein of MVM to promote the replication in trans of mutant viral genomes that do not produce functional NS-1 has allowed us to demonstrate that all of the cis-acting genetic elements required for MVM DNA replication are located within 1,084 and 807 nt, respectively, of the 3' and 5' termini of the MVM genome. Furthermore, both genomic termini must be present on the same DNA molecule for replication to occur. These conclusions are consistent with the mapping of the MVM, H-1, and AAV DNA replication origins to the genome termini based on an analysis of defective viral genomes (29) and with the demonstration that deletion mutations within the palindromic termini of bovine parvovirus, LuIII, MVM, and AAV severely interfere with the ability of these viruses to replicate their DNA and to produce infectious particles (50, 57, 61, 64, 65 (Fig. 8) (4) . In the case of the AB (97 bp) and Bi (47 bp) deletions, such a stem-plus-arms T structure cannot form because of the removal of this internal palindromic sequence, although neither of these mutations would be expected to interfere with the formation of a terminal hairpin (4, 13) . The phenotype of the AvK mutant, which has a 9-bp deletion centered around the hairpin axis of symmetry, might also be explained on this basis if this mutation reduces the stability of the postulated stem-plus-arms T structure due to the loss of several GC base pairs (Fig. 8) . Consistent with this interpretation, removal of an 11-base symmetrical sequence that is part of an internal palindrome in one of the cross arms of the T structure of the AAV terminal palindrome inhibited AAV DNA replication, and substitution of symmetrical sequences unrelated to the original sequence corrected the defect and allowed the propagation of the mutant sequences (12, 43) . The secondary structure of the AAV inverted terminal repeat, rather than a specific sequence, was thus shown to be critical for its functional integrity. In the case of AAV, the T structure of the inverted terminal repeat is specifically recognized by nuclear proteins in extracts of infected cells (3, 40) and the AAV Rep78 and -68 proteins bind specifically to the hairpin configuration of the AAV termini (40) . DNase I protection and methylation interference assays indicate that the AAV Rep proteins interact with most of the sequences that make up the palindrome (3, 40) . By analogy with AAV, the palindrome mutations described here may exert their effect by preventing the binding of the MVM NS-1 protein to the hairpin terminus and thus interfere with subsequent cleavage and hairpin transfer involved in resolution of the turnaround configuration of the palindromic terminal sequence that has been postulated in parvovirus DNA replication models (4, 5, 17, 18, 70) and recently demonstrated in vitro for AAV (41, 67 (6, 60) . However, unlike MVM(i), which fails to grow in A9 cells (31) , pCA3.0dl12 replicates in A9 cells, albeit at a reduced efficiency compared with wild-type MVM(p) DNA. The occurrence of only one copy of the 65-bp repeat sequence in its genome therefore cannot account for the failure of MVM(i) to replicate in A9 cells, in agreement with the conclusion that was reached in the aforementioned definitive mapping studies of the host range determinant in MVM(i). Previous studies of MVM(i) also showed that chimeric viral genomes of MVM(p) that contained MVM(i) sequences from map units 84 to 100, and therefore included only one copy of the 65-bp repeat, replicated approximately 10 times less efficiently in A9 cells than wild-type MVM(p) as judged by plaque formation (31) . This observation is in complete agreement with the 10-fold reduction in DNA replication efficiency of the pCA3.0dl12 deletion mutant that occurred in A9 cells in the present study. It would be of considerable interest to determine the effect on viral DNA replication of a deletion in the MVMp genome that encompassed both copies of the 65-nt element as compared with a 65-nt deletant of MVM(i).
The results obtained in this study also clearly demonstrate that the 65-bp deletion mutation in pCA3.0dl12 affects MVM DNA replication in cis. Although MVM mRNAs are polyadenylated at nt 4885, just downstream of the 65-bp repeat (20) , failure to polyadenylate viral mRNA cannot explain the cis-acting nature of the deletion mutation in pCA3.0dll2. We therefore conclude that at least a portion of the 65-bp tandemly repeated sequence that lies between 94 and 159 nt inboard of the start of the 5' palindromic region serves as the MVM DNA replication origin.
The cis-acting nature of the 65-bp deletion mutation suggests that this deletion affects the binding of an as yet unidentified factor(s) to the 65-bp repeat element. Since wild-type MVM DNA, transfected as pMM984, is excised and replicated at comparable levels in A9 and COS-7 cells, both cell lines appear to be capable of providing all necessary host cell permissive factors for MVM DNA replication and of producing adequate quantities of functional NS-1. The >10-fold difference in replication efficiency of pCA3.0d112 seen between A9 and COS-7 cells is therefore directly related to the removal of one copy of the 65-bp repeat and suggests that a host cell factor rather than NS-1 binds to the 65-bp repeat element. The differential effect of the 65-bp deletion mutation on viral DNA replication in COS-7 and A9 cells could therefore be most readily explained if the murine host cell factor(s) has a higher affinity for the 65-bp repeat than the analogous factor(s) from monkey cells. The question as to whether the 65-bp repeat encompasses a minimal core DNA replication origin where viral DNA synthesis is initiated or whether these sequences represent auxiliary elements that stimulate the initiation of DNA replication, as occurs in papovaviruses (26, 44, 52, 53) , remains to be resolved. One possibility is that multiple CC(C/A) repeats within the 65-bp repeat element (Fig. 9 ) serve as high-affinity binding sites for DNA primase, as discussed in detail elsewhere (23, 30) . One problem with this interpretation of our results is that a role for DNA primase is not generally included in current models of parvovirus DNA replication in which DNA synthesis is postulated to initiate exclusively by using DNA primers. However, a role for DNA primase is compatible with the parvovirus DNA replication model of Rhode in which initiation of viral DNA replication occurs internally by RNA priming within or near the 5'-terminal palindrome of the viral genome and is followed by hairpin-primed DNA synthesis at a later stage in the replication mechanism (59) . That the DNA polymerase a-primase complex is modified in MVM-infected cells supports the view that DNA primase is involved in MVM DNA replication (39) . Furthermore, the ability of plasmids with partial deletions of the AAV inverted terminal repeat to replicate as circular molecules (12) suggests that there may also be an internal DNA replication origin within the inverted terminal repeat in the AAV genome. It is worthwhile to note that a region analogous to the MVM 65-bp repeat is reiterated up to nine times in defective interfering viruses of H-1 parvovirus (29) and that such tandem reiterations of the replication origin have also been described for defective evolutionary variants of papovaviruses (42, 46) . It is also of interest that a 26-bp, A+T-rich segment is present 28 nucleotides downstream of the 65-bp repeat in the MVM genome (Fig. 9) . In the SV40 DNA replication origin, such an A+T tract directs DNA bending and coordinately influences DNA replication most likely by facilitating DNA strand separation (24, 37) . Furthermore, the sequence 5'-TTTTATTCATT-3' present in the 65-bp repeat element (Fig. 9) contains an 8-base match to the 11-base core consensus sequence 5'-(A/ T)TTTAT(A/G)TTT(A/T)-3' found in the yeast autonomously replicating sequence elements (14, 74) . While all of these facts are consistent with the existence of an internal DNA replication origin in the MVM genome, proof for such a mechanism awaits the isolation and characterization of Okazaki fragments that are initiated in the 65-bp repeat region of the MVM genome. It should also be noted that, although an SV40 transcriptional enhancer core motif has been identified in the MVM 65-bp repeat element (6), attempts to demonstrate transcriptional enhancer activity in an analogous region of the H-1 parvovirus genome, which has a tandem repeat of 55 bp, have not been successful (58) . Nevertheless, a dual role for the MVM 65-bp element in transcriptional activation and DNA replication would make this element comparable in function to enhancer elements in papovavirus genomes which are known to affect both gene expression and viral DNA replication (35, 52) .
